Plant material from 42 common reed populations originating from various lakes and ponds in northwest Poland were investigated with respect to eight panicle traits and three peroxidase loci that were detected with electrophoresis. Genetic differences between populations were estimated based on allozyme frequencies. Electrophoretic data indicated that some populations contain an excess of heterozygotes, pointing to extensive gene flow, which is typical of panmictic, openpollinated populations.
INTRODUCTION
The common reed (Phragmites australis) is one of the most variable species (Björk 1967) that is common in Europe and distributed worldwide. The plant manifests high tolerance to unfavorable environmental conditions (Kozłowski 1992) . Because of its importance to the human economy, large-scale investigations focused on various aspects of the ecology of the species were conducted within the EUREED projects in 1993-1994 and 1996-1999 in many European countries, excluding Poland (Čižková and Brix 1999 , Armstrong et al. 1996 , Güsewell 1998 , as well as in the USA (Stanton and Mendelssohn 1999, Ambsberry et al. 2000) and Australia (Rea 1996) .
The basic number of chromosomes (n=12) of the common reed was described in the 1930s (Avdulov 1931) . Diploid (2n=24), triploid (2n=36), and tetraploid (2n=48) forms are reported to be widespread throughout Europe (Raicu et al. 1972 , Rodevald-Rudescu 1974 . Hexaploid forms (2n=72) were noted in Sweden (Björk 1967) , heptaploids (2n=84) were documented in Romania (Rodevald-Rudescu 1974) , while octoploids (2n=96) were found on the banks of the Black Sea (Avdulov 1931) . Relationships between growth type and ploidy level were also described by some of the authors cited above.
Previously, investigations on the genetic variability of common reed populations in Poland were conducted based on allozymes in peroxidases that had been detected with electrophoresis (Krzakowa 1996, Krzakowa and Drapikowska 2000) . Taking into account that peroxidases are good markers for describing intraspecific differentiation in various plant genera, especially in grasses like Avena (Kahler et al. 1980) , Bromus (Krzakowa and Kraupe 1981) , Lolium (Krzakowa and Mikulski 1997) , Calamagrostis (Krzakowa et al. 2003a) and Stipa , Wysocki et al. 2006 , they were also analyzed in the present study. The aim of the current study was to compare the morphological and biochemical variation of the common reed in a large number of lakes and other water bodies in northwest Poland.
MATERIALS AND METHODS
Plant material was collected from 40 lakes and ponds located in the west of Poland (51° -53° N, 15° -19° E). For comparison, two populations: 32 and 41, separated from the central area by about 300 km, were also included in this study (Fig. 1) . For morphological measurements and biochemical investigations, 30 mature panicles from each common reed population were randomly collected from natural stands in February, as only frozen seeds of this species are able to germinate. Panicle measurements were based on 8 (Fig. 2 ) of the most discriminating characters (Krzakowa et al. 2003b) . The third leaf from each 4-week-old seedling, that had been cultivated under uniform glasshouse conditions, were crushed in a drop of double-distilled water and the extract was subjected to electrophoresis in 11% starch gel with a lithium-boric buffer system pH=8.3 (Scandalios 1969) . Peroxidases were specifically stained with 3-amino-9ethyl-carbazole. In each population, the extent of inbreeding was estimated with the Wright's fixation index (F), using the formula:
where H o is observed heterozygosity and H e is expected heterozygosity. The polymorphic index (P g ), i.e., the mean proportion of polymorphic loci, was calculated according to Kahler et al. (1980) . Genotype frequencies made it possible to establish genetic distances between the populations according to Nei (1973) and use them to construct a dendrogram.
RESULTS AND DISCUSSION

Panicle morphology
In the differentiation among populations, the most discriminative role was played by panicle length (trait 1), panicle width (trait 2), and the number of whorls (trait 5) ( Table 1) . Using Mahalanobis distances to describe interpopulation variability based on eight morphological traits, the results of discriminant analysis are presented in Fig. 3 , where populations are spread in the space of the first three discriminant variables. The most interesting is the small group of populations 32, 33, and 35, that were collected from salty ground and suggest some type of similarity. Traits 1 and 2 were strongly correlated with the first discriminant variable U 1 , while trait 5 was correlated with the second variable U 2 .
Peroxidase electrophoresis
The cathodic peroxidases display three zones of activity (Fig. 4) . One of them proved to be monomorphic (locus B), while the remaining two were polymorphic, represented by 2 (locus A) and 3 (locus C) allozymes, respectively. Locus A shows three-banded phenotypes in the heterozygous stage, which suggests that the enzyme encoded by the locus shows dimer behavior. The genotypes of locus C in the heterozygous stage are manifested by two-banded phenotypes, indicating the monomeric character of the enzyme. Fig. 3 . Results of analysis of discriminant variables for 42 populations of the common reed in the space of the first three discriminant variables, U 1 , U 2 , U 3 , which contain 76% information of the 8 morphological traits of the panicle.
Differences between populations were based on observed heterozygosity (H o ), which ranged from 0.25 for population 5 to 0.74 for population 24. The mean values of the polymorphic index (P g ) calculated for all loci differ between populations very widely and range from 0.43 to more than 0.70 (Table 2) .
The values of Wright's fixation index (F), presented on a histogram (Fig. 5) , shows that populations remain in Hardy-Weinberg equilibrium, as a zero value of this index suggests completely random hybridization and negative values show the prevalence of heterozygotes in ten populations. 
Table 2
Characteristics of genetic variation in the investigated common reed populations: H o = observed heterozygosity, F = Wright's fixation index, P g = polymorphic index. Genetic variability in individual loci and mean values of Nei's (1973) statistics (Table 3 ) shows the total gene variability H T based on the mean frequency for every locus, while H S demonstrates the mean gene variability within the populations. Intrapopulation variability was expressed by low values of G ST (0.08 for locus PxA to 0.13 for locus PxC). The mean value of interpopulation differences was D ST = 0.06%.
Genetic distances between populations (Nei 1973 ) are illustrated by a dendrogram (UPGMA) constructed on the basis of allozyme frequencies (Fig. 6) . The populations are clustered into two main groups irrespective of their geographic distribution. This might suggest much higher differences in biochemical characters than in morphological traits, that are usually strongly influenced by environmental conditions. Nei (1973) , constructed based on allozyme frequencies.
Table 3
Individual locus diversity statistics (Nei 1973 ): the total diversity over all populations over all loci (H T ), the main diversity within populations over all loci (H S ), gene diversity within the populations (D ST ), and between populations (G ST ). Genetic polymorphism in natural populations is maintained by natural selection which favors heterozygotes. Therefore, numerous authors point out that greater plasticity and viability of heterozygotes are caused by lower expression of lethal genes, if they exist in a population. Enzymatic studies on the common reed in other geographic regions are not numerous (Pellegrin and Hauber 1999) . Comparative cultures, conducted under uniform greenhouse conditions, have allowed the present authors to conclude that the common reed germinates relatively easily in the soil and there are no reasons to doubt that the same happens in nature. These observations may prove useful since the observed disappearance of the common reed from European water bodies (Clovering 1999) appears to be progressing. The genetic structure of the examined populations confirms that common reed propagation is conditioned not only by vegetative expansion leading to clone multiplication, but also by sexual reproduction (Krzakowa and Drapikowska 2000) .
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